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A® {11-20} OD {11-20} >50OD {0001} 

[0 0 6 5] 

M® {1-100} ICOVNT^, OD {1-100} >50OD {0001} 
[0 0 6 6] 

[0 0 6 7] 

<&1TL*j±^tfZft<b<D (C®^©) ^H®X*&3i&^«&VN a gp^^ lC7 
7iry h®£^e>^T*#£t-££ttT*3DoT=&<J:^o ^*>.$A,C®;&:gBP##/£ 

[0 0 6 8] 

0 *<D**=LX2*<DnMittf=.*mx*$>2> 0 u^mommizmx^^m^m^ 
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&I2#2 002-301 1951 




#2001-11387 



P 



[0 0 6 9] 

#(CGaN (0 0 0 1) GalMlffi^ofcl^ WnS^t'JI'i: 

$[3*is= 1^77^7, sic, GaN^©^^^ 

[0 0 7 0] 
[0 0 7 1] 

(¥) CSJ^CD® {hkmn} £ft® (±m ^C=fooSMB^$:fl§V^T, CM* 

M^UCD^H® {hkmn} $:-e©r^ij|bTii^lfei 
[0 0 7 2] 

mz.it. a^H^Bic^T, {1-100} ® (M®) , iR^fcl:— jRtttC { 
k-kOh} ® (k, httSEjR) T^€.«-a-fC^W^m^K-bi 0 >^*^f^n 

[0 0 7 3] 

it {11-20} (Affi) ^^li-ifi^i: {kk-2kh} ffi (k, h teg 
[0 0 7 4] 



[0 0 7 5] 



OD = OD {h kmn} 
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feftffirt*»c <k o T^-T -5 ^ i: =b T* £ & led^ld izmt> 



[0 0 7 6] 

GaAs (111) lf'©±tC^Cffi^«S-ftfe»^ Cffi^oGaNgW 

[0 0 7 7] 
[0 0 7 8] 

z&jfmzmm&mwn^mteffi&mtfcmT'&^Tij. < ^ nicest 

[0 0 7 9] 

I«77t>y h®£LTte, {1-101} ffi&£;*<Z) {k-k 0 h} ® .( 
[0 0 8 0] 

l£V>ti {1 1-22} ®&£<Z> (kk-2kh) ®&£#&£o ^*l£&A® 
£M£42i±7c®T*&£ 0 A®g#liC®£Slt:T*&£fre>C®/&;RT*(D7T-fey 
S®£te&£>&V^ 3*Ui#-tf)77-fey h®£C®P*J{C T*&&„ 
[0 0 8 1 ] 

tt^^^iB £ CSJtic^-f 6 ±gp©®#ffi*B b&v^£4j&-§> 
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P 



tfznv&sftmwK. mMtfrmmcD sftmwo'r;. mmzmf%?z> 0 

[0 0 8 2] 

« v (kk-2kh) S, (k-kOh) »^j:M©77t^iSm 
T'M^^^-tir-5*{Ci:oT^K-tf>^$i±^ri:^-e^So MAtf {1 1 
-2 1} ®#6^i: {1-10 1} ffi#6oT*IEl 2#$i£^j&-rs^ ( i;#T*£ 
So 11 o © ® (Z) ffi it IC <fcoT^tf)J:e>&7^ai£ttg^£^T*£S 0 3 JSA 

[0 0 8 3] 

{kk-2kh} E (k-kOh)I (k, hl«») 0>&^fre>fc&3£* 
(^ftrnK) , 5£-f-^i«l (+n#«t3*) M©tff h«77tv hBS:« 

tSiil^t^S. £©#&tt**£a«n?»»J, (hkmn) SfflC®^©#4. 
5t:££p {hkmn} k.m<£. ilK-^ii 
[0 0 8 4] 

OD = Zp {hkmn} OD {hkmn} 

[0 0 8 5] 

G a Nffl^Sli^©t77>ftit±«^i: IT»HVP E 
8s, MOC& MOCVDi, #^i£fc££T£:jpJJg>S 
[0 0 8 6] 
[«M] 

[HJfeMl (M© (,1-10 0) &_tffi ; 02) ] 

G a N$Mg£i<B>f >=fy hA^fJtBL^S^M® (1-10 0) frt>&2> 
G aNmm&ZmmLt- (®2 (a) ) „ GaN#m GaAsISO±lC 
7f7M-^-^D-7v^lCj:oTGa N £ CS^^^itG a A slfi&I* 
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[0 0 8 7] 
[0 0 8 8] 

r©^M^©_htC, HVPE.SSJCfcoT, GaNMI^SStfc (02 (b 

[0 0 8 9] 

• J&JI^ 1 0 2 0TC 

• N H 3 #J± 0. 2 a t m (2X10 4 Pa) 

• H C 1 #J± lX10 -2 atm (10 3 Pa) 

[0 0 9 0] 

(M2 (c) ) . S&Jc*fflr&ffi»l/&'(H2 (d) ) „ S^S&^v>T^§|J 

[0 0 9 1 ] 

r©|^i|Bf©«^#'l4$:^-;i/ (Hall) ^(CioTsfc&S^, 4 &T*<D W 

•^U^M^ = 6X10 18 cm" 3 
'*r J ?V J r®mm= 160Vs/cm 2 

[0 0 9 2] 

$ £>fC|H|— -9- <£>^®#ifitf) S IMS (Secondary Ion Mass Spectroscop 

y) ##f£?To£ 0 -eciScmffli^^iiWot. 

[0 0 9 3] 
Tfcfit (H) 2xi0 17 cm -3 
^ (C) 3 X 1 0 1 6 c m~ 3 
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MM (O) 8 X 1 0 1 ° c m~ ° 
mm (Si) 3X10 17 cm" 3 
[0 0 9 4] 

**y^«£#6x i o 1 8 cm~ 3 T^'j, mmmm^8x i o 1 8 cm~ 

3 T?&5„ G a N <D*T' nm^MmzteZ>-5Sm&<D$>Z>fiim ( 1 0 1 6 c m~ 3 
, li(10 17 c m~ 3 <D*-#-) ttdp-V U (1 0 1 8 

cm -3 ©;*--**-) ^fcfoiiffiv*. £ r £: te^ti e> tf>3f ■* U 

■eoMttft*^*** y ^ £ e> ^ t fcawr 

[0 0 9 5] 

mnmzwmLfciiz.z. 7xio~ 3 q c mgst^iji^iffi^to 

TV^„ nS#ltt(iDG a N«;f&£ UTftJMT*£3„ o * »J -9-7 T 4 ^<D J: "5 tC 
J:®(Cn«M££ £>&tfnt£&£&v^v^ r £te&< nlG a NlftuDliB* 

[0 0 9 6] 

L&mwi (C® (0 0 0 1) &_L®i:-*-<s*§&J&R; 03) ] 

g a N#jsa©-f h^6«y ffitfc, i®^cs (0001) ffi*^e>& 

5GaNliSI$ibfc (03 (a) ) 0 S®©|tt(iGaiit»5. 3 GDC 

ftPtt*»(*&i39F« b t y , *Bnciin:£M#£ < L & v>„ 

[0 0 9 7] 

2 p p m«^©*S:^^lg(^35f^S:«MLfe. 
[0 0 9 8] 

• J&^M^ 1 0 5 0 °C 

• N H 3 0. 1 5 a t m (1. 5xl0 4 Pa) 

• H C 1 dS-JBE 5X10 _3 atm (5xl0 2 Pa) 

•^«^r4 10Hf| 

[0 0 9 9] 
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J**«*S#*&5 0 0 (IH3 (b) ) „ mm* (0 0 0 1) ®fr 

o *©tfc, T«©a»ftasS:WB!I»3fiL/fc (03 (c) ) . USMil 
S:I^VNT^as^^lCLfeM^M©^*lil5l4 0 0 /tm^ofe (EI 3 (d) ) 

a 

[0 10 0] 

^©K»©«j!C»4#ttS:*-^/ (Hall) M^C£oT^&<fco£Lfc#M;£^ 
[0101] 

$ b\ZZ.0)UMV>^Mtf : 3L<D S IMS (Secondary Ion Mass Spectroscopy) 

[0 10 2] 

ZK* (H) 1 X 1 0 1 8 c m~ 3 
mm (C) 7 X 1 0 1 6 c m~ 3 

mm (o) i x i o 1 7 c m~ 3 

(Si) 2 X 1 0 1 6 c m~ 3 J^T 
[0 10 3] 

^(D^oizmmmm-^mmmi -rotten. m\/\ o om.mzf&yx^x 

^CDmU^*^CoV^T^LV^®^^5^c#'S^^>^hV^e)3^T*fe^o S i ICO 
V^&,*n/1 0fCM'i>LT£U, S i ICO %®#&&#tt#JI <d*1&o 

n. =bo h^m^*mi5&fe&*m^re>\*mmx*-SbZ> < > 

[0104] 
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[0 10 5] 

immw2 (cb(oooi) *±mtL¥v bvtyr^v bffizm&'tz>%s& 

GaNM H H B 0^>J<y h e><j!J »J & L £, MfftfC® (0 0 0 1) 
G aN«jf£JI£*PM§L£ (04 (a) ) „ ^©MaO^'fMG a ®T*&£ 0 ^(Z> 



[0 10 6] 

ZLOSMUcDiilC, HVPEffiCiot, GaNMStfe. ^©^^f/f: 

e <d* & t-mptii x & mm l & . 

[0 10 7] 

• ^MS 1 0 3 0t 

•NH 3 £\£ 0. 2atm (2X1 0 4 Pa) 

• H C 1 lXlO _2 atm ( 1 0 3 P a ) 

• j&^ng 5B#HS 

[0 10 8] 

HftllJI$^5 0 0 /tmi:*ofc (4 (b) ) „ ^M^tt, HMmi(DX 

Z.Wyy°)\s\z&^T\Z. C®&«hA,£jt,£4i&vx 0 
[0109] 

^^S^ft©^^^-?:^-?),, #V^& {1-101}®, {11-2 
2} M, {1-102}®, (ll-24}it'$S„ rn^lfct (k-k 
Oh} (k, httHSfc) , {kk-2kh}®(k, httSES) i:V^J:-5{C* 



2 4 
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[0 1 10] 

^e©^, r&nmuMimzmnmikLfc. (g4 (c) ) 0 mg&z&i^xj&& 

fe^iB^fit'^:^, ^dT'MM^W^LTjS^ 3 5 0 /iniClii: Lfc (® 
4 (d) ) „ 

[0 111] 

Z.(Dnn<Dmm,&}!ft>&$:fc-Jl (Hall) WfelZ J: o -5 4,&T*tf)¥^ 

•^rt'njll = 5X10 18 cm" 3 
: U"V^lfrS = 170Vs/cm 2 
[0 1 1 2] 

ommx fe'jsirtT « x & o £ <, 

^ ^>{C|UCMM©^®#i£© S IMS (Secondary Ion Mass Spectroscopy) 

[0113] 
7km (H) 2 X 1 0 1 7 c m~ 3 

mm (C) 3 X 1 0 1 6 cm -3 
@?!t (O) 5 X 1 0 1 8 c m~ 3 

^ (Si) 4 X 1 0 1 6 c m~ 3 J^T 

[0114] 

^r^nW5X 10 18 cm" 3 ^'J, ^UltlStf 5 X 1 0 1 8 cm" 
3 X&Z> 0 G a Nca^nM^M^fi&S Rrtg'l£©& S^iii (1 0 1 6 cm -3 
CD*--**-) , 3^11 (1 0 1 6 cm~ 3 <D*-#-) ItlrVWmm (1 0 1 8 
cm" 3 (D7t-*f-) <fc V\%-f o £{£^„ Z.h\tZ.nib<D*rV U "V («^ 

[0 115] 
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[0 116] 

aN^«&^e> «ke»-tcrs.. ^iaot, GaNjes^^wcKig&ai 

[0 117] 

K-^>h<iD7n^7A (Mg) lC%$>S3il^t)^ofe 0 fdfrbtiLM, 
*£miC#fcl,fcV*#Mg K-tf>^{CJ;oTpMG aNS«S:f^$gStlSRrtg 

[01] 

H V P E m\Z «fc £ G a N|$&<D/£:R$gtt<Z>1!EBffTliBI. 
[02] 

M® (1-100) SrfipoG aN«j®a©±tC, G a N§ €: ftffiMj£(C «fc o 
T^SitSHISM 1 0Ii$:^tG a N*gS<B«T®0. ( a) ttM® (1-1 
0 0) ^oGaNl|g 0 H s W, (b) «GaNlii©±(C, (1-100 
) jea&fiJ5fiS-frfe^JB©GaNj®SWT®0. (c) fcMl*g!&S:BfcSUfc/fc:RfflS 
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^W0GaN^»r®a (d) \*ZbfcmmVfcf;m<DMmG aN^I 
[03] 

CI (0 0 0 1) l:^GaN@^i0±t:, G a N« £5C*a/&^i£tC J: o T 
^*^i±-5J:b^Ml(7)X^$:^-rGaNM H ^(D^T®|gIo (a) J£C® (0 0 0 1 
) ?r#oGaNggMffiBI, (b) liG aN^H^-hfC, (0 0 0 1) MUt 
5:^$i±Ac^(Z)GaNM B ^railI 0 (c) teSMal b £j&;0IS[S#£tt 

©GaN^ H ^m®Eic (d) tezbizmmist^mocmG aNm^mmm. 

[H.4] 

CB (0 0 0 1) £J#oG a N«*g||0>_LtC, 77ty h 15 1/ & £> G 

a NS^^,^^(Cj:oT^«$-Br^>^WJ2(DX^$:^i-G a N|g H H B ©liiS 
So (a) ttCl (0 0 0 1) ^GaNggMS, (b) iiGaNlg 
laCDiilC, 77tyhMlt§ (00.01) ig B H B ?:^$tfc»GaN 
MiM,mmm o (c) tta^^^l^SUfe^^fcitOGaN^^^TMIglo (d 

1 HVPE&J&'fF 

2 fc:-# 

3 Jj§q4#*#Atr 

4 K^^Af 

5 Gaig (G a/tf- N) 

6 G a 

7 it-fey^ 

8 m^ffl 

9 mm 

1 0 #X#ffiP 
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1 
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[02] 



§n m m i 

( a ) 



( 17 0 0 ) 



( b ) 

( i Te o ) 



(110 0) 



( c ) 



(110 0) 



( d ) 



(110 0) 
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[03] 



it m m i 



( a ) 



(0001) 



( b ) 



(000 1) 



(0001) 



( c ) 



(0001) 



( d ) 



(0001) 



3 
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[04] 



( a ) 



( b ) 



( c ) 



( d ) 



(0001) 



(0001) 



(0001) 



(0001) 



(0001) 
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0 



mm) 



l 
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ft m a 



## (0 0 0 0 0 2 1 3 0] 



1. 1 9 9 0$ 8H29H 

ft m w&mwmtp&mitmwTB 5#3 3# 
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